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A new runway (named ‘D-runway’) for Tokyo Haneda International Airport was constructed offshore in Tokyo Bay to accommodate
the recent increase in overseas and domestic ﬂights to and from Tokyo. One of the most outstanding characteristics of the new runway is
that it stands on two types of different structures: steel-jacket-platforms forming a pier-type structure and a reclaimed soil structure.
The pier-type structure minimizes disturbance of water ﬂow at the nearby Tama river mouth due to the presence of the new runway.
This paper relates to the design and construction of the steel-jacket platforms for the pier structure. The main focus is on the results of
pile load tests carried out to conﬁrm the pile design, and the actual construction of the jacket structures. Through the construction of
this pier-type structure, it has been possible to conﬁrm the applicability of rapid load tests for large-diameter long steel pipe piles, the
validity of the assumed pile tip plugging ratio used for design, and the applicability of a simple method for controlling the end of pile
driving. Further, the effectiveness of joint-less work piles, the pile-keeper system, and GPS monitoring in the rapid and accurate
construction of pier-type jacket structures was demonstrated.
& 2012 The Japanese Geotechnical Society. Production and hosting by Elsevier B.V. All rights reserved.
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Tokyo Haneda International Airport has been one of
Japan’s most important airports since its ofﬁcial opening
in the year 1931, as described by Suzuki (2010). As demand12 The Japanese Geotechnical Society. Production and hostin
/10.1016/j.sandf.2012.11.022
ng author.
ss: hrkkni01@pub.taisei.co.jp (K. Horikoshi).
nder responsibility of The Japanese Geotechnical Society.for rapid transportation between domestic and interna-
tional locations has risen, the airport has been expanded
several times, as described by Noguchi (2010) and Watabe
and Noguchi (2010). Since the airport is located offshore in
Tokyo Bay (see Fig. 1) where there are soft thick clay
layers, geotechnical issues have always been raised in the
process of design and construction.
In 2001, a decision was made by the Japanese govern-
ment to construct a new runway (named D-runway, since
it was to be the fourth runway at the airport). An overview
of the new runway is shown in Fig. 2. As this ﬁgure makes
clear, a unique characteristic of the new runway is that itg by Elsevier B.V. All rights reserved.
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Fig. 1. Aerial photograph of the new runway for the Tokyo Haneda
International Airport (after Google maps).
Fig. 2. Overview of new runway structure for Haneda International
Airport.
1. Pile driving
2. Jacket installation 3. Pile jacket connection
4.Connecting neighboring jackets
5. Upper slab & pavement
Fig. 3. Overall structure of the jacket and its construction procedure.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921074was constructed on two types of different structures,
one being a pier-type structure of steel-jacket platforms
and the other a reclaimed soil structure. This pier-type
structure was chosen so as to facilitate the ﬂow function
of the adjacent Tama river mouth (see Fig. 1) by
minimizing possible disruption of river ﬂow by the
new runway.
This paper relates to the design and the construction of
the pier-type jacket structures supported on long steel pipe
piles, with particular focus on the results of the pile load
tests conducted to conﬁrm the pile designs and the actual
construction of the pier structure.
The area to be constructed with the pier-type jacket
structures was about 500,000 m2, using 198 jackets in total
with a typical length of 63 m and a width of 45 m.
The ground at the construction site consists of thick soft
clayey layers underlain by stiff bearing strata. Each jacket
was supported on long steel pipe piles.
Fig. 3 outlines the construction procedure used for the pier-
type structure. Steel pipe piles were ﬁrst driven into the bearing
stratum, then prefabricated jacket structures were lowered
over the piles. Connection grouting was then carried out to ﬁxthe piles and the jacket legs. Once the jacket structure was in
place, upper slabs and the pavement were constructed.
This is the ﬁrst use in the world of such a pier structure
for an airport runway and it is therefore considered
important to provide details of the construction procedure,
with special focus on the design and installation of long,
driven pipe piles of large diameter. Speciﬁcally, the following
points are addressed:(1) From the designing point of view, it is important to
conﬁrm whether the pier-type structure satisﬁes the
required performance as a runway. Due to the soft soil
ground conditions at the site, 1849 driven steel pipe piles
with a diameter ranging from 0.9 m to 1.6 m and a length
exceeding 70 m are required to support the jacket struc-
tures. To conﬁrm the performance of these piles, rapid
load tests and dynamic load tests were conducted on two
test piles. This paper describes the results of these pile
load tests.(2) As a quality control method for the piles, criteria for
when pile driving should stop were determined prior to
the actual pile driving stage. These criteria were based
on the results of the pile load tests. This paper explains
these criteria applied for pile driving control.(3) Each jacket structure needed to be placed on six
pre-installed piles with high accuracy. Details of the
construction procedures used to achieve such accuracy
are presented.2. Ground conditions
Details of ground conditions at the site were described by
Tanaka et al. (2007). Prior to construction, additional soil
investigations were conducted at the site to verify the ground
conditions in detail. Fig. 4 shows the points at which soil
investigations were carried out after Nagaya et al. (2007) and
Table 1 gives details of the type of investigations carried out
(correspondingly labeled E, F, G, I, K in Fig. 4). The
construction area is divided into two sections, consisting of
the runway section and a connection taxiway bridge section.
Points marked ‘F-1’ and ‘F-2’ in the ﬁgure correspond to
where pile load tests were conducted.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1075Figs. 5 shows typical ground conditions at the site along
the connection taxiway bridge centerline. In the ﬁgure,
the vertical axis corresponds to the depth expressed
as Arakawa Peil (AP; i.e. based on the tide level at the
Arakawa River in Tokyo). The distributions of SPT N
value obtained by the Standard Penetration Test (Japanese
Geotechnical Society, 2001) (JIS A1219:2001) are shown
against depth. These soil investigations lead to the follow-
ing understanding of ground characteristics at the site:(1)C
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ConThe ground at the site can be roughly divided into ﬁve
types of layer, which are labeled from nos. 1 to 5 in the
ﬁgures. The layering is complex at each location.(2) Very thick soft alluvial clayey layers (Layer no.1 and
some parts of Layer no. 2) with SPT N values of nearly
zero are present to at least a depth of AP 40 m to AP
50 m, which indicates that long piles are required to
support the pier structure.(3) There are stiff sandy or gravel layers with SPT N values
greater than 50 at deeper locations. These layers are
suitable to be used as bearing strata for the piles.
According to the ﬁgures, layer nos. 3, 4, and 5 are suitable
as bearing strata for the pile foundations. However, due to
the river mouth location, the layering is complex, which
means it is difﬁcult to determine a suitable bearing layerCenter of runway
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Cdepth for pile installation. Investigations show that these
three layers have the following characteristics:
(a) Layer no. 3: Present from AP 50 m to AP
75 m. Layering of gravels, clayey soils, and sandy
soils. SPT N values are greater than 30 at most
depths, and occasionally the values exceed 50.
(b) Layer no. 4: Mainly present close to the existing
airport from AP 70 m to AP 95 m (see Fig. 5).
Interspersed with thin clay layers with smaller SPT N
values at several depths. Most of layer no. 4 exhibits a
SPT N value greater than 50. Layer no.4 is present
over a wide area of the construction site near the
connection taxiway and the landward side of the new
runway. Note that the piles prepared for the load tests
were driven into layer no. 4, as described later.
(c) Layer no. 5: Present throughout the site at depths
greater than AP 80 m with a relatively large
thickness. This layer has elastic wave velocities of
more than 400 m/s.uctur
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onﬁ3. Pile load tests
3.1. Background
Based on the results of the soil investigations, the pier-type
structures were designed according to the technical standard
of the Port and Harbors Association of Japan (1999). As
many as 1849 steel pipe piles with a diameter ranging from
0.9 m to 1.6 m and a length exceeding 70 m were installed. Of
these 1849 piles, 1165 were driven for the runway section and
the other 684 piles for the connection taxiway section.
Since experience in the application of such long piles
with a large diameter was limited, pile load tests were con-
ducted to conﬁrm the design. The piles were large diameter
open-ended piles, so evaluation of pile tip resistance was one of
the major design concerns. In the design, the pile tip resistance
was estimated under the assumption that the pile tip apparent
plugging ratio, a, was 0.5 based on experience with a bridge
near the construction site, as explained later in this paper.
Here, the apparent plugging ratio, a, is deﬁned as the ratio of
measured end bearing capacity divided by 300 NAp (for the
unit of kN/m2) which is the pile tip resistance for design
regulated in the technical standard of the Port and Harbors
Association of Japan (1999), where N is the SPT N value and
Ap is the cross sectional area with the assumption of the fully
closed condition. In the estimation, the maximum SPT N valuees and connection taxiway bridge
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Fig. 5. Ground conditions along the connection taxiway bridge centerline. (Note: Symbol ‘D’ in the ﬁgure corresponds to layer no. 4 in the text.)
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Fig. 6. Comparison of ground conditions between the Tokyo Gate Bridge project and the D-runway project. (a) Haneda International Airport (Piletip
level AP.-74.3m) and (b) Tokyo Gate Bridge. (Note: Symbol ‘ ’ in the ﬁgure corresponds to layer no.4 in the text.)
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921076was set to 50 as has often been done in Japanese design for
safety reasons. Also note that, traditionally in Japan, SPT N
value has been used to design pile resistances in most cases.
The plugging behavior of open-ended piles has been
examined by many researchers, such as Kishida and Isemoto
(1977), Randolph et al. (1991), Rains et al. (1992), De Nicola
and Randolph (1997) and Kikuchi (2011). Kikuchi (2011)
examined the intermittent plugging response in detail for open-
ended piles in his experimental models, and found that internal
friction leading to plugging was mostly mobilized within the
range of two diameters from the pile tip, and that the plugging
response was mainly dependent on the pile diameter.
In the Japanese design guidelines, the plugging ratio has
often been correlated with the length of embedment into
the bearing stratum normalized by the pile diameter. The
Japan Road Association (2002) provides a method of
reducing pile tip resistance according to the normalized
embedded length in the bearing stratum. According to thismethod, it is recommended that resistance be reduced
when the normalized embedded length is less than 5.
The technical standard of the Port and Harbors
Association of Japan (2007) states that the plugging ratio
can be assumed to be 1.0 for piles with a diameter of less than
600 mm. However, for piles with a larger diameter, plugging
ratios are widely spread against normalized embedded length.
This standard shows that plugging ratio is more dependent
on pile diameter than on normalized embedded length.
In designing the piles for the D-runway project, the
results of pile load tests conducted for the nearby Tokyo
Gate Bridge were referred to. Details of these load tests
were reported in a series of papers, including Chiba et al.
(2005), Kikuchi et al. (2004, 2005), Kojima et al. (2005),
Naka et al. (2005), and Saimura et al. (2005). Kikuchi and
Yamashita (2010) summarized the relationship between the
a value and the pile diameter, and showed that the apparent
plugging ratio was mainly inﬂuenced by the pile diameter.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1077The Tokyo Gate Bridge was constructed further north in
Tokyo Bay (see Fig. 1). Steel pipe sheet-pile foundations
were adopted for the bridge piers. The diameter of the steel
pipe sheet-pile was designed as 1500 mm. As part of that
project, a series of load tests on the large diameter steel
pipe piles were conducted.3.2. Objectives of pile load tests
The main objectives of the pile load tests at the
D-runway site were as follows:(1)Tab
Geo
F-1
TL
F-2
TL
Notto conﬁrm pile tip resistance through the pile tip
apparent plugging ratio, a, by clarifying the mechanism
of tip resistance for large diameter open-ended piles;(2) to conﬁrm whether the piles have the required design
resistance; andle 2
metries of the test piles.
at runway Upper pile SM490YA
79.3 m, PTL AP-74.3 m Lower pile SKK400
at connection taxiway Upper pile SM490YA
79.3 m, PTL AP-74.3 m Lower pile SKK400
e: TL: total length, PTL: pile tip level, WT: wall thickness.
Fig. 7. Positions of strain gages for each test pile. (Note: Symb(3)ol ‘Dto establish a control method for the completion of pile
driving.Fig. 6 shows the ground conditions at Tokyo Gate Bridge
project (Nagaya et al., 2007). The test piles for the Tokyo
Gate Bridge were driven into the Dg1 layer (the so-called
‘Tokyo Gravel Layer’) at a depth of AP 73.5 m and the Ds6
layer (the so-called ‘Edogawa Sand Layer’) at a depth of AP
86 m. From layered ground proﬁles and the distribution of
SPT N value that Dg1 was identiﬁed with the no. 4G layer (or
no. 5G layer) at the site of D-runway, while the Ds6 at the
Tokyo Gate Bridge corresponds to the no. 5S layer. It is clear
from Fig. 6 that continuous sand layers with SPT N values
greater than 50 appear at a depth AP 69.5 m for test
position F-1 and at a depth AP 70 m for test position F-2,
note that the pile tip level was set at AP 74.3 m for both F-1
and F-2 as described later.Diameter (mm) WT (mm) Length (m)
1600 23 63.0
1600 18 16.3
1422.4 22 69.0
1422.4 16 10.3
’ in the ﬁgure corresponds to layer no. 4 in the text.)
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921078The geometries of the test piles are summarized in Table 2.
The number of pile load tests and these test positions were
determined with the following considerations:(1) The vertical pile load tests were conducted at two points
F-1 and F-2.(2) It was inferred that the larger the pile diameter is, the
smaller the pile tip apparent plugging ratio, a. There-
fore the pile with the largest diameter in each part of
the structure was chosen as the test pile geometry.(3) Layer no. 4 was chosen as the bearing stratum in
consideration of design safety. The total pile length was
79.3 m, i.e. pile tip level was AP. 74.3 m, for both the
F-1 and F-2 piles.(4) Bearing stratum no. 4 at the test site consists of a sand
layer (no. 4S) and a gravel layer (no. 4G). The pile load
tests conducted at site of the Tokyo Gate Bridge gave a
result that the apparent plugging ratio was smaller for
a sand layer, compared with that for a gravel layer
(a=0.53 for sand and a=0.74 for gravel). Therefore, it
was decided that the test piles should be driven into the
sand layer rather than the gravel layer for design safety.(5) The test piles were driven into the bearing stratum to a
depth of three diameters, again based on experience at
the Tokyo Gate Bridge.Fig. 8. Rapid load test carried out on test piles.The positions of strain gages on each test pile are shown in
Fig. 7 along with the layer conditions at each depth. The soil
proﬁles used for the design are summarized in Table 3. Very
soft alluvial clay layers are present to a depth of more than
30 m, as shown in Fig. 7, followed by sand layers (no. 2S).
The strain gage positions basically correspond to each layer
boundary, with additional gages near the pile tip; this allows
the distribution of pile axial force to be measured in detail
during the vertical load test. For pile F-1, strain gages were
also attached near the ground surface to measure pile stresses
during the horizontal load test, although the results of this
are not presented in detail in this paper.
3.3. Type of pile load tests
As a method to conﬁrm the vertical pile resistance, rapid
load tests were conducted according to the guideline JGS
1815-2002 (Japanese Geotechnical Society, 2002a). UnlikeTable 3
Soil proﬁles set at for each ground layer.
Layer no. g (kN/m3) g0 (kN/m3) Design SPT N
F-1 (runway)
1-H 16.0 5.9 –
1-C1 13.5 3.4 –
1-C2 15.0 4.9 –
2-C 18.0 7.9 –
2-S 18.0 7.9 18
3-S 18.0 7.9 43
3-C 18.0 7.9 –
4-S 18.0 7.9 50the conventional static load test, the rapid load test does not
require reaction piles. In return, the static load–settlement
behavior of the pile needs to be estimated through analysis of
the measured response. As explained in the JGS guideline,
the applicability of the rapid load test has already been well
proven in Japan. No conventional static load tests were
implemented for the D-runway project.
The so-called STATNAMIC system (Bermingham and
Janes, 1989) was adopted as a method of rapid load testing
(see Fig. 8). In this system, a reaction mass is launched from
the top of the pile using a propellant material. In the project,
the rapid load tests were conducted 35 days and 58 days after
installation of test piles F-1 and F-2, respectively. Note that it
is recommended in the Japanese guideline that pile load tests
should be carried out after more than 5 days for sandy
ground, and 14 days for clayey ground. Initial driving of the
test piles was by vibro hammer, and driving was completed
with a hydraulic hammer.
The applied load was determined according to the design
ultimate bearing resistance of 27,269 kN for test pile F-1
and 22,967 kN for test pile F-2. The planned maximum
load was then set at 38,000 kN and 30,000 kN, respec-
tively, allowing some loading margin.
High strain dynamic load tests were also conducted
according to the guideline JGS 1816-2002 (Japanese
Geotechnical Society, 2002b) to establish a control method-value Design cohesion (kN/m2)
F-2 (taxiway) F-1 (runway) F-2 (taxiway)
– 5.2 9.7
– 17.0 26.3
– 31.3 38.6
– 73.0 85.4
– – –
47 – –
– – 185.5
50 – –
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Fig. 9. Results of Wave Matching Analyses (for Test pile F-1): (a) Section 2: Seabed level, (b) Section 11, (c) Section 20, (d) Section 26, (e) Section 27,
(f) Section 28 and (g) Section 29.
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Fig. 10. Results of Wave Matching Analyses (for Test pile F-2): (a) Section 2: Seabed level: Section, (b) Section 3, (c) Section 4, (d) Section 6, (e) Section
7, (f) Section 8, (g) Section 9, and (h) Section 10.
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Table 4
Parameters used for signal matching analyses and obtained resistance (after Nagaya et al., 2007).
(a) For pile F-1
Layer no. Thickness
(m)
Quake
(mm)
Stiffness
(kN/m3)
Dumping
factor
(kN s/m3)
Shaft resistance
(kN/m2)
Shaft
resistance
(kN)
1-H 14.5 0 0 0 20.2 1471
1-C1
1-C2 19.4 15 4667 16 73.3 7148
2-C
2-S 9.4 15 3333 25 52.0 2457
3-S 6.4 15 8000 30 126.1 4057
4.3 15 8000 30 130.0 2810
4-S 1.6 15 8000 30 120.3 968
1.6 15 8667 30 135.3 1088
1.1 15 8667 30 139.2 770
0.5 15 8667 30 152.9 384
Shaft total 58.8 21,153
Quake
(mm)
Stiffness
(kN/m3)
Dumping
factor
(kN s/m3)
Unit tip
resistance
(kN/m2)
Tip resistance
(kN)
Pile tip 35 2,574,429 6000 90,105 12,164
Total resistance¼Shaft resistanceþ tip resistance (kN) 33,317
(b) For pile F-2
Layer no. Thickness
(m)
Quake
(mm)
Stiffness
(kN/m3)
Dumping factor
(kN s/m3)
Shaft resistance
(kN/m2)
Shaft resistance
(kN)
1-H 8.55 15 2000 2 31.3 1196
1-C1 10.3 15 2333 2 36.1 1661
1-C2 5.75 15 2667 2 43.3 1112
2-C 14.6 5 3333 2 60.3 3932
3-S 19.5 5 36,000 3 191.1 16,647
3-C
4-S 1.5 5 40,000 3 214.2 1435
1.4 5 56,000 3 285.2 1785
0.9 5 54,000 3 271.0 1090
0.5 5 54,000 3 273.0 610
Shaft total 63.0 29,467
Quake
(mm)
Stiffness
(kN/m3)
Dumping factor (kN s/m3) Unit tip resistance
(kN/m2)
Tip resistance
(kN)
Pile tip 4 6,250,000 500 25,000 2775
Total resistance¼Shaft resistanceþ tip resistance (kN) 32,242
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921080for the completion of pile driving. The set-up behavior of
pile resistance, meaning the increase in pile resistance with
time, was also observed through the dynamic load test.
3.4. Estimation of pile resistance from results of rapid load
tests and dynamic load tests
In analyzing the rapid load test, it is necessary to
eliminate the dynamic components from the measured
response. So-called signal matching analyses were used to
achieve this. In the analyses, the approach developed by
Matsumoto and Takei (1991) was used. The relative loadingtime, deﬁned as Tr¼ tL/(2L/c) by the JGS guideline (2002a),
is calculated as 3.2, where tL is the loading time (typically
about 0.1 s), L is the pile length (79.3 m), and c is the wave
propagation velocity (5120 m/s). According to the JGS
guideline (2002a), when Tr is less than 5.0, the effects of
wave propagation cannot be avoided, thus the signal
matching analyses were necessary for the accurate evalua-
tion of the test results.
The results of the signal matching analyses are summar-
ized in Figs. 9 and 10 for test piles F-1 and F-2, respectively,
with the parameters used for the analyses shown in Table 4.
Note that the position of each analytical section is shown in
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Fig. 11. Load–settlement relationship estimated from the rapid load tests (for test pile F-1): (a) pile tip load–settlement relationship and (b) estimated
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T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1081Fig. 7. Figs. 9 and 10 show good agreements between the
measured results and the wave matching analyses.
The static load–settlement relationships estimated from
the signal matching analyses are shown in Figs. 11 and 12.
The static ultimate resistance was estimated as 33,317 kN
for F-1 and 32,242 kN for F-2, both of which were enough
more than design ultimate resistance values of 27,269 kN
and 22,967 kN, respectively.
According to the ﬁgures, the F-1 pile tip settled more
than 50 mm with subsequent residual settlement more than
30 mm (Fig. 11(a)) and the ultimate status is seen as
Ru¼33,317 kN in the response (Fig. 11(b)).
However, for test pile F-2, the pile tip settled only about
8 mm (Fig. 12(a)), and the ultimate status cannot be seen in
the response (Fig. 12(b)). The residual settlement for test
pile F-2 was almost zero. According to the Port and
Harbors Association of Japan (1999), if the yield point
(the ﬁrst limit resistance deﬁned by the JGS guideline) is
seen in the load–settlement response, 1.2 times the yield load
can be set at as the ultimate bearing resistance (the second
limit resistance). Furthermore, if even the yield load is not
seen in the response, the ultimate bearing resistance can be
set at 1.2 times the maximum applied load in consideration
of design on the safe side. These rules have been imple-
mented in the standard based on many case studies.Since even the yield status cannot be seen in the response of
test pile F-2, 1.2 times the maximum applied load
(Ru¼1.2 32,242¼38,690 kN) was set at as the conﬁrmed
second limit resistance for pile F-2, based on the above rules.
The load difference of 6448 kN between the determined
second limit resistance of 38,690 kN and the applied maximum
load of 32,242 kN was considered to be a possible further
increase in the pile tip resistance rather than in the shaft
resistance. The reasoning for this assumption was based on
the following considerations:1) The signal matching analyses for test pile F-2 showed that
only small proportion of the pile top load was transferred
to the pile tip, with a very small pile tip settlement (about
8 mm, i.e. 0.6% of its diameter, see Table 4(b) and
Fig. 12(a)). It can, therefore, be assumed that greater
loads than measured can be borne by the pile tip,
considering the experience that much larger settlement
(typically 10% of diameter) is required for mobilization of
the full pile tip resistance (for example, Fleming et al.,
2009), as well as the evidence found at the test pile for the
Tokyo Gate Bridge as described below.2) Among the pile load tests carried out for Tokyo Gate
Bridge (Kikuchi, 2011), test pile no. 4 (see Table 7 later)
was driven into the Tokyo Gravel layer which corresponds
Axial force 
distribution Unit shaft friction
Internal
External 
friction
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921082to the bearing layer at the D-runway site (Nagaya et al.,
2007). Since test pile F-2 was driven to no. 4S layer, the
results obtained from the load test on test pile no. 4 at
Tokyo Gate Bridge can be applicable. According to the
test results, pile tip load was fully mobilized at a pile tip
settlement more than 150 mm (10% of diameter), which
corresponded to the pile top settlement of about 210 mm
(14% of diameter). This fact suggests that a pile tip
settlement of more than 10% is required for the mobiliza-
tion of pile tip resistance for test pile F-2, which led to the
decision that the tip of F-2 pile can bear more load than
that observed during the rapid load test.friction
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friction.The results of the signal matching analyses showed that
the magnitude of obtained shaft resistance 29,467 kN
was much larger for pile F-2 than that for pile F-1
(21,153 kN) (Table 4). Therefore, it was considered that
the shaft friction for pile F-2, where layer no. 3S and
soft clay layers are present, could be fully mobilized,
and that no more load could be borne by the shaft
resistance of pile F-2.
3.5. Estimation of pile tip apparent plugging ratio
The tip resistance of an open-end pile consists of contribu-
tions from both the resistance of annular pile tip area and the
inner wall. Further, it was assumed that the shaft resistance
calculated from axial force distributions includes contribu-
tions from both the internal (within the shaft) and external
(outside the shaft) resistances as described by Saimura et al.
(2005) and Kikuchi and Yamashita (2010).
It should be noted that pile tip resistance as estimated by
signal matching analyses corresponds to the resistance of
both contributions from the annular area and the internal
friction. It is therefore necessary to separate the internal
shaft resistance from the estimated tip resistance, to estimate
the pile tip apparent plugging ratio for the conﬁrmation of
the pile design.
In the Tokyo Gate Bridge project, both static and rapid
load tests were conducted, followed by a cone penetration
test on the soil inside the pile shaft (Kikuchi and
Yamashita, 2010). The results showed that the axial force
transferred to the pile shaft decreased rapidly near the pile
tip, due to the effects of internal shaft resistance near the
pile tip. The cone resistance of the soil inside the pile shaft
was greater near the pile tip. It was assumed that the
magnitude of the further decrease in the axial force was
attributed to the internal shaft friction. Fig. 13 shows the
schematic relationship between the axial force distribution
and the shaft friction around the pile tip.
Fig. 14 shows the axial force distribution along the test piles
and Fig. 15 shows an enlargement of this distribution around
the pile tip depth. In the proﬁle for pile F-1, it seems that no
rapid decrease in axial force is seen near the pile tip, so the
pile tip resistance was set to the same value as that obtained
from signal matching analysis; i.e. internal shaft friction was
not considered for pile F-1. Therefore in the evaluation of pile
tip resistance, internal shaft friction was ignored for pile F-1.However, in the response of pile F-2, a slight decrease in
axial force is seen near the pile tip. The pile tip resistance
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1083for pile F-2 was estimated as the sum of the signal
matching analysis value and the estimated internal shaft
friction around the pile tip.
Based on Fig. 15(b), the external shaft resistance in layer
no. 4S was thought to be of the same magnitude as that in
layer no. 3S considering the proﬁle of the axial force
distribution. The internal shaft resistance for pile F-2 was
estimated as the difference between the resistance obtained
by signal matching analyses and the external shaft resis-
tance. Table 5 shows a summary of estimated internal shaft
friction for pile F-2. The total estimated internal shaft
resistance was 1248 kN. Also from the table, the average
unit shaft friction inside the pile tip was back-calculated as
65 kN/m2 for a plug length of 4.3 m (three times the pile
diameter, i.e. equivalent to the embedment length in layer
no. 4S). This average unit shaft friction is about 30% of
the unit external shaft friction. The ultimate tip resistance
for test pile F-2 is then estimated as follows:
Mobilized static tip resistance under the applied
load¼2775 kN (from signal matching analysis)þ1248 kN
(estimated as internal shaft friction)¼4023 kN.
The second limit tip resistance¼mobilized static tip resis-
tanceþ (total second limit resistanceapplied maximum load
in the test)¼4023 kNþ (1.2 32,242–32,242) kN¼10,471 kN.
Consequently, the overall safety of the two test piles
against bearing failure was conﬁrmed as follows:
Test pile F-1
Conﬁrmed resistance Ru¼33,317 kN4required design
ultimate resistance Rud¼27,269 kNTable 5
Estimation of internal shaft friction for Test Pile F-2.
Layer Layer thickness
(m)
Unit shaft resistan
Signal
matching
analyses
Bearing stratum 1.5 214.2
Layer no. 4S 1.4 285.2
0.9 271.0
0.5 273.0
Total 4.3
Table 6
Comparisons of estimated pile tip plug ratios with those obtained from the T
Haned
Test pile
F-1
Pile diameter (mm) 1600
Bearing stratum No. 4S
(sand)
Embedded length (m) (3 pile diameter) 4.8 m
Second limit tip resistance (kN) a¼1.0 assumed 24,127
actual 12,164
Apparent plugging ratio a 0.504Test pile F-2
Conﬁrmed resistance Ru¼32,242 kN4required design
ultimate resistance Rud¼22,967 kN.
As this demonstrates, the estimated total ultimate pile
resistances were greater than the required design ultimate
resistances. Note that for test pile F-2, the second limit
resistance from the load test was assumed to be 1.2 times
the maximum applied load, i.e. 38,690 kN, as described
previously.
The estimated pile tip apparent plugging ratio is sum-
marized in Table 6. The obtained apparent plugging ratio
is more than the design value of 0.5. Fig. 16 shows a
summary of the apparent plugging ratio with reference to
previous experience in Japan. This ﬁgure includes results
from the Trans Tokyo Bay project (TTB). It is clear that
the ratios obtained during work on this project follow the
same trends as obtained in earlier investigations.
Further discussion on the validity of the obtained pile
tip apparent plugging ratio may be raised for test pile F-2,
since the measured pile tip settlement was very small.
It should be noted that, to deal with such small settlement,
the ultimate situation, i.e. the situation with enough large
settlement, was assumed by multiplying the maximum load
by a factor of 1.2. Therefore, the estimated apparent
plugging ratio was applicable even for test pile F-2.
The shaft resistances obtained from the vertical load
tests are summarized in Table 7. These resistances correlate
with SPT N values for sand layers and with undrained
shear strengths for clay layers. The obtained shaftce (kN/m2) Mobilized internal
frictional
resistance (kN)External
friction
Internal
friction
191.1 23.1 154
191.1 94.1 589
191.1 79.9 322
191.1 81.9 183
1248
okyo Gate Bridge
a D-runway Tokyo Gate Bridge
Test pile Test pile Test pile Test pile
F-2 No. 3 No. 4 No.5
1422.4 1200 1500 1500
No. 4S
(sand)
No. 5
(Gravel)
No. 5
(Gravel)
No. 5
(Sand)
4.3 m 3.6 m 4.5 m 4.5 m
19,068 13,560 21,204 21,204
10,471 10,800 15,700 11,300
0.549 0.80 0.74 0.53
Table 8
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921084resistances are higher than the values used for the pre-
liminary designs (2.0N for sand layers and 1.0c for clay
layers).
The dynamic pile load tests were conducted during the
installation process of the test piles. The signal matching
analyses were conducted to extract the static components
of the pile resistances at the time of pile driving, as well as
to estimate the efﬁciency of driving energy transfer. The
results of the signal matching analyses are summarized in
Table 8. The smaller tip resistance in the case of test pile F-
2 is attributed to the greater shaft resistance, which leads
to a smaller magnitude of load transfer to the pile tip.
3.6. Establishment of control method for end of pile driving
During the actual driving of the 1849 piles, it was important
to evaluate whether the resistance of each driven pile at the0
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Table 7
Comparisons of unit shaft friction with those obtained from the Tokyo Gate
Layer no. Haneda D runway
Test pile F-1 Test pile F-2
RLT RLT
1-H 1.5c 3.2c
1-C1 1.4c
1C2 1.3c 1.1c
2C 0.7c
2S 2.9N –
3S, 3C (2.9–3.0)N 4.0N
ave. 2.9N
4S (2.4–3.1)N
3.8Nave. 2.7N
Note: N denotes design Standard Penetration Test (SPT) N value.
RLT: Rapid Load Test, SLT: Static Load Test.completion of driving exceeded the required resistance. To this
end, an evaluation method for pile resistance was established
based on the pile load tests and this was used as one of the
criteria for construction quality control (Fig. 17).
The ﬁrst stage in establishing this method was to
examine the results from the dynamic load tests on the
test piles. The input and transferred hammer energies, Eh,
Eht, and the total mobilized resistance, Rt, were determined
from the measured data and through the analyses. The
static pile tip resistance, Rsi, was also determined through
the signal matching analyses. A conversion factor, Cf, was
introduced, representing the proportion of the transferred
energy that was used for pile penetration.
In the second stage, the results of the rapid load tests
described above were used, which were conducted after the
recovery of the strength of the surrounding ground. ThroughBridge.
Tokyo Gate Bridge
Test pile no. 3 Test pile no. 4 Test pile no. 5
RLT SLT SLT
– – –
– – –
– – –
1.0c 100 kN/m2 100 kN/m2
(2.6–3.3)N (1.9–2.0)N (2.7–5.6)N
ave. 3.0N ave. 2.0N ave. 3.7N
(3.9–5.0)N (1.7–5.4)N (2.7–3.1)N
ave. 4.5N ave. 3.6N ave. 2.9N
– – –
(not exist) (not exist) (not exist)
Summaries of dynamic load tests for test piles F-1 and F-2.
Test pile F-1
(runway)
Test pile F-2
(connection
taxiway)
Blow no. 2893 6958
Test date April 11, 2007 April 23, 2007
Bearing stratum No. 4S No. 4S
Pile tip level AP 74.3 m AP 74.3 m
Embedded length to ground 57.8 m 62.9 m
Settlement per blow, S (mm) 3.6 mm 0.9 mm
Input hammer energy, Eh (kN m) 139 164
Transmitted hammer energy, Eht
(kN m)
90 80
Hammer efﬁciency, e 0.65 0.49
Total pile resistance, Rt (kN) 14,920 13,540
Static component of pile resistance (kN)
Shaft resistance 3355 7238
Tip resistance, Rsi 4858 3
Total, Rt 8213 7241
Total resistance,Rt 
Transmitted hammer energy,Eht 
Pile stress,σs 
Real time analysis
Static pile tip resistance at 
installation stage, Rsi
Rapid load test 
Shaftresistance estimated from SPTN 
value for sand and cohesionc for clay  
based on load tests,Σfs 
Curing period for recovery of soil strength
Establish 
control method
Control of 
pile driving 
completion
Pile driving for work pile
(Observation)
Input hammer energy, Eh
Pile settlement, SPile driving
Confirmation of embedded length
in bearing stratum
Estimation of 
bearing resistance, Rs
Confirmation of bearing resistance,
and completion of pile driving
Vertical load test
Dynamic load test
during installation
Signal matching
analysis
Input hammer energy,Eh 
Pile settlement,S 
(Observation)
Conversion factor, Cf
Hammer efficiency, e
Static pile tip resistance after 
recovery of soil strength, Rsr
Pile tip static 
resistance ratio, Sr
Pile tip set-up ratio, St
Rapid load test
Dynamic load 
test
Equation for resistance evaluation
Fig. 17. Flow of construction control to assure pile resistance.
Table 9
Equation for pile driving control (diameter¼1600 mm, bearing stratum:
no. 4S).
Based on the results from test
pile F-1
Pile diameter (mm) 1600
Bearing stratum No. 4S (sand layer)
Input hammer energy, Eh (kN m) 139
Settlement of pile per blow, S (mm) 3.6
Total pile resistance, Rt (kN) 14,920
Transferred hammer energy, Eht (kN m) 90
Tip resistance mobilized during driving,
Rsi (kN)
4858 (tip only)
Hammer efﬁciency, e 0.65
Conversion factor, Cf 0.59 (¼14,920  (0.0036/
(0.65  139)))
Static resistance ratio, Sr 0.33 (¼4858/14,920)
Set-up ratio, St 2.5 (for tip resistance)
(¼14,164/4858)
Equation for driving control Rs¼0.32Eh/Sþ
P
fs
Fig. 18. Jacket structures prepared at the fabrication yard.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1085the analyses of the test results, the static components of the pile
tip resistance, Rsr, was estimated. Then the set-up ratio for pile
tip resistance, St, was calculated using the deﬁnition St¼Rsr/
Rsi. Note that the set-up ratios of the test piles were estimated
as 4.0 for pile F-1 and 4.5 for pile F-2 in this project.
As for the contribution of shaft resistance, the results
obtained from the rapid load tests (Table 7) were adopted
depending on the location of the actual pile being installed.Finally the following simple equation for pile driving
control was established:
Rs ¼ e
Eh
S
Cf SrStþ
X
fs ð1Þ
where Rt is the total pile resistance during pile driving
obtained via the real time monitoring, Rsi is the pile tip
static resistance mobilized at the time of pile installation
obtained from signal matching analyses, Rsr is the pile tip
static resistance after recovery of soil strength obtained
from the rapid load test, Rs is the static total ultimate
resistance, e is the efﬁciency of pile driving energy transfer,
deﬁned as e¼Eht/Eh, Eh is the input hammer energy, Eht is
the transmitted hammer energy, S is the settlement of pile
per blow, Cf is the conversion factor, deﬁned as Cf¼RtS/
Fig. 20. Fabrication of long pile with the quality control of the welding
process: fabrication site for long piles.
Fig. 21. Installation of jacket structure on pre-installed steel pipe.
Fig. 22. Connection of jacket legs on steel pipe piles.
Fig. 23. Pile keeper equipped on pile handling vessel.
5
2
4
 m
1,100 m
4
5
 m
63 m
Reclamation Fill
Connection Taxiway Bridge
Number of Jacket: 198
Typical size: 63 m x 45 m
Max. weight: about 1,600 tons
Fig. 19. Allocation of jacket structures for pier part of runway.
Pile Keeper
Fig. 24. Pile handling vessel.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921086(eEh), Sr is the ratio of pile tip resistance at the time of driving
to the total resistance, deﬁned as Sr¼Rsi/Rt, St is the set-up
ratio (recovery ratio) for pile tip resistance after installation,
deﬁned as St¼Rsr/Rsi, and
P
fs is the sum of shaft resistance
estimated from the results of rapid load tests.
Eq. (1) is actually a modiﬁcation of Hiley’s simple
equation, which has often been used to control the ﬁnishpoint of pile driving in Japan. The pile settlement per blow,
S, is a control factor necessary for the evaluation of
mobilized pile resistance. Table 9 shows the examples for
the test pile conditions, with a diameter of 1600 mm and
embedment in the Layer no. 4.
4. Construction of piled jacket structures
4.1. Overview of structures
To minimize the construction period under restricted
conditions, which included the close proximity of the
construction site to the existing operational airport, the
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1087jacket structures were prefabricated at other sites. In plan,
each jacket structure was 63 m in length and 45 m in
width—the maximum possible size in consideration of
available work barges and carrying vessels. Each jacket
structure had six legs. The runway platform consists of a
total of 198 of these jacket structures, each weighing about
1300–1,600 t (Figs. 18 and 19).
Among the total number of 1165 steel pipe piles planned
for the runway section, 931 were driven as a single pile
without any joint work at the site so as to minimize the
driving period, despite the length of 80–90 m and the
weight of 80–90 t per pile. Since it was not possible for a
steel manufacturing company to produce such long single
piles, these piles were fabricated at another site in advanceFig. 25. Real time monitoring of pile position during installation.
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Fig. 26. Summaries of pile penetration per blow at the end of drivinby welding together three shorter piles. Through the use of
non-destructive inspection methods, great care was taken
to ensure the quality control of welding procedures at pile
joints (Fig. 20).
Since the clearance between the inner wall of the
jacket leg and the outer wall of the steel pipe pile
allowed for a permissible positioning error of only
10 cm, a highly accurate positioning operation was
required for both pile driving and jacket placement.
Figs. 21 and 22 show how a jacket was placed onto the
pre-installed steel pipe piles.
For pile driving, a vibro hammer was used for initial
driving up to a depth of about AP 65 m, corresponding
to AP 75 m after settlement under self-weight. The vibro
hammer proved effective and efﬁcient for the installation
of piles in the very soft ground. Subsequently, a hydraulic
hammer was used to drive the piles to the designed
embedded depth.
To conﬁrm the resistance of each pile, the derived
control method shown in Fig. 17 was adopted.
To achieve the required high accuracy in pile positioning, a
specially made guide structure named a ‘pile keeper’ was ﬁtted
at each of the six pile positions on the pile handling vessel
(Figs. 23 and 24). The pile keepers were maintained accurately
at the correct coordinates by using the global positioning
system and laser displacement sensors. During installation, a
real-time monitoring system for the pile coordinates was also
used to maintain the required accuracy (Fig. 25). Conse-
quently the achieved coordinate error in the horizontal and
vertical directions was 75 cm and 71 cm, respectively,
where the allowable maximum error was 710 cm and
75 cm each.0 0 0
4
15
28
56
37
15 16
8
1 0 0
0
20
40
60
80
100
120
0 1 2 3 4 5 6 7 8 9 10 11 12 13
F
re
q
u
en
cy
 (
N
u
m
b
er
 o
f 
p
il
es
)
Penetration per blow (mm)
Layer No. 5
Diameter : 1600 mm
n=180
ave. 6.0 mm/blow
4
2
0
2
0 0 0
r blow (mm)
Layer No. 4
Diameter : 1422.4 mm
n=50
ave. 4.6 mm/blow
7 8 9 10 11 12 13
8
7 7
3
0 0 0
r blow (mm)
7 8 9 10 11 12 13
0 0 2
23
67
114 112
77
46
18
6
1 0 0
0
20
40
60
80
100
120
F
re
q
u
en
cy
 (
N
u
m
b
er
 o
f 
p
il
es
)
Penetration per blow (mm)
Layer No. 4
Diameter : 1600 mm
n=466
ave. 5.4 mm/blow
0 1 2 3 4 5 6 7 8 9 10 11 12 13
c
g: (a) piles driven to no. 4 layer, (b) piles driven to no. 5 layer.
0 0
12
35
117
208
259
194
143
87 86
5 9 3
0
50
100
150
200
250
300
30 1 2 4 5 6 7 8 9 10 11 12 13
F
re
q
u
en
cy
 (
N
u
m
b
er
 o
f 
p
il
es
)
Penetration per blow (mm)
LayerNo.4&5 
n=1165 (all data)
ave. 6.1 mm/blow
Fig. 27. Pile penetration per blow at the end of driving plotted for
all data.
0
5
10
15
20
25
30
35
40
0 1 2 3 4 5 6 7 8 9 10 11 12 13
No.4: 1320.8mm
No.4: 1422.4mm
No.4: 1600mm
No.5: 1320.8mm
No.5: 1422.4mm
No.5: 1600mm
all data
P
ro
p
o
rt
io
n
o
f p
il
e
s 
(%
)
Penetration per blow (mm)
Fig. 28. Frequency distribution for the pile penetration per blow.
0
100
200
300
400
500
600
100 110 120 130 140 150 160 170 180 190 200
F
re
q
u
en
cy
 (
N
u
m
b
er
 o
f 
p
il
es
)
Blow energy (kNm)
Layer No.4& 5
n=1165 (all data)
ave. 145 kNm
Fig. 29. Distribution of input blow energies.
0
10.000
20.000
30.000
40.000
50.000
60.000
0 5 10 15 20
To
ta
l p
ile
 re
si
st
an
ce
, R
s  (
kN
) 
Penetration per blow (mm)
Piles embedded in layer No.4
Piles embedded in layer No.5
Fig. 30. Relationship between pile penetration and estimated total pile
resistance, Rs.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–109210884.2. Overall profiles of pile driving results
In this section, pile driving results obtained during the
installation of the 1165 piles used for the runway section
are shown. Note that for the actual installation of piles, the
hammer efﬁciency for pile driving was altered from e¼0.65
to 0.9 on the basis of additional dynamic load tests. This
was because the ﬂying hammer system was used in actualconstruction, while the guide leader system was used for
the test piles. With the ﬂying hammer system, the hammer
is hung from a crane cable and loss of energy is thought to
be minimal.
Fig. 26 shows the frequency distribution of pile penetra-
tion per blow at the end of pile driving. All data are plotted
against bearing stratum (no. 4 or no. 5) and the pile
diameter (1320.8 mm, 1422.4 mm, and 1600 mm). Fig. 27
summarizes all of the data in one ﬁgure, while Fig. 28 shows
the proportion of piles with each penetration per blow for the
different categories. These ﬁgures show that the required pile
penetration per blow at the completion of driving was about
6 mm, although there is a tendency for penetration in layer
no. 5 to be slightly greater than that in layer no. 4. It is of
interest that there is no signiﬁcant difference observed within
the range of pile diameters used in this project.
Fig. 29 shows the frequency of input hammer energy used
for pile driving. The ﬁgure is shown for all the 1165 piles. In
most cases, the input hammer energy was between 140 kN m
and 150 kNm, and little difference was seen with regard to
pile diameter and bearing stratum. This may be because the
input hammer energy is more inﬂuenced by the efﬁciency of
the pile driving machine, i.e. the required energy is not greatly
inﬂuenced by the rather uniform conditions of each bearing
stratum.
The relationship between the pile penetration per blow and
the total static ultimate resistance, Rs, is shown in Fig. 30.
Values of Rs were estimated using Eq. (1) based on the
procedure shown in Fig. 17. In this procedure, the ultimate
shaft friction was estimated based on the results of the pile
load tests (Table 7). The ﬁgure shows that the estimated total
resistance, Rs, was slightly higher for piles embedded in
bearing stratum no. 5 than for those embedded in bearing
stratum no. 4. These calculated pile resistances compare well
with the conﬁrmed maximum resistance of the test piles,
which was 33,317 kN for pile F-1 and 32,242 kN for pile F-2,
for the given penetration per blow of about 6 mm.
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Fig. 31. Relationship between pile penetration and estimated total pile resistance, Rs: (a) piles driven to no. 4 layer, (b) piles driven to no. 5 layer.
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Fig. 33. Transportation of jacket structure.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1089Fig. 31 plots the ratio of estimated static ultimate
resistance, Rs, to required ultimate design resistance, Rs,req,
against Rs. All data are plotted against the different pile
conditions (diameter and bearing layer). The value Rs,req was
calculated by multiplying the safety factor (¼2.5, for
ordinary conditions according to the Port and Harbors
Association of Japan, 1999) to the design axial force for
each pile. The ratio is also plotted against the static ultimate
resistance Rs in Fig. 32. These ﬁgures show that the ultimate
resistance of every pile was more than the required resistance.
It seems that the piles with smaller diameter gave greaterRs/Rs,req value. It was considered that, since the piles with
smaller diameter tend to be allocated in the peripheral area,
where the design vertical load is smaller, the margin for safety
against bearing resistance tends to be greater.4.3. Installation of jacket structures on piles
In this section, an outline of the jacket installation proce-
dure is introduced based on Kato et al. (2008, 2010). The
jacket structures were loaded on board the barge at different
sites, Chiba and Futtsu, which are located on the eastern shore
of Tokyo Bay. They were towed individually to the
Re-built crane barge existing crane barge
Intrude into the 
restricted zone
Pre-installed steel pipe piles
Required clearance for construction
Fig. 34. Crane barge re-built for limiting the height during construction.
Fig. 35. Jacket installation procedure on pre-installed piles: (a) overview
of installation and (b) jacket leg installed on pre-installed piles.
Fig. 36. Positioning of jacket legs by using the video camera images.
Fig. 37. Shear keys designed for connections between jacket legs and
piles: (a) details of shear key and (b) photograph of shear key on outer
pile shaft.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–10921090construction site and installed from a crane barge. The towing
procedure is shown in Fig. 33.
Two types of crane barge were prepared for jacket
installation. One was a conventional crane barge with the
capacity of 3000 t, while the other was a specially re-built
barge with a capacity of 2400 t designed with the possible
lowest crane height so as not to interfere with the given
height clearance restrictions for the daily operation of the
existing runway (see Fig. 34).
Fig. 35 shows the jacket installation. Once the crane
barge was correctly positioned, the jacket was slowly
Fig. 38. Grout injection system prepared at the bottom of jacket leg.
Fig. 39. Inside jacket leg after the end of grouting process.
T. Noguchi et al. / Soils and Foundations 52 (2012) 1073–1092 1091lowered onto the pre-installed steel pipe piles. The jacket
legs were ﬁtted internally with liner plates to temporarily
support the jacket, as shown in Fig. 22.
To observe the relative position of the jacket legs and
piles, video cameras were introduced into the guidance
system, as shown in Fig. 36, which enabled visual opera-
tion for greater safety and construction accuracy.
After the temporary placement of the jacket onto the
liner plates, grouting material was injected into the
space between the piles and the jacket legs. Shear keys
were designed into both the exterior of the pile shafts
and the inner wall of the jacket legs, as shown in
Fig. 37. These shear keys assure proper load transfer
from the jacket legs to the piles. Grouting material was
mixed on a neighboring mixer vessel. The design
strength of the grouting material was set at 26 N/
mm2. It was injected into the joint space in two stages
using specially made external valves, as shown in
Fig. 38. Fiber forms were ﬁtted around the bottom of
the jacket legs for base grouting of the jacket legs in the
ﬁrst stage. After hardening of the ﬁrst-stage grout, the
second stage grouting material was injected.
Fig. 39 is a photograph of the interior of a jacket leg
after the grouting process. When each jacket structure
was fully connected to all six piles, neighboring jackets
were joined together using adjusting structures. The
result is that all piles and jackets were installed with a
high accuracy.5. Summary
The construction of a steel-jacket platform forming a pier-
type structure for the new D-runway expansion project at
Tokyo Haneda International Airport is reported. The steel
pipe piles supporting the jacket structures are long and of large
diameter. Since worldwide experience in the construction of
such large-scale pile structures is very limited, it is hoped that
the provision of this information will prove very useful in
practice. The following is a summary of the work reported in
this paper:(1) The vertical resistance of large-diameter long steel pipe
piles was conﬁrmed through rapid load tests without
conducting any conventional static load tests on piles.
Accumulated experience with rapid load tests assured
the success of this application.(2) The pile tip apparent plugging ratio, a, for large-diameter
open-end piles is examined through the results of the
rapid load tests. The ratio obtained from the tests ﬁts the
trend indicated by previous experience with large-
diameter piles.(3) Based on the results of pile load tests, a method of
controlling the completion of pile driving was estab-
lished. The method is based on the settlement per blow
and provides conﬁrmation of the bearing resistance of
the corresponding piles. The method was used for the
installation of all the 1849 piles in this project.(4) The use of prefabricated jacket structures was an
effective way to minimize the construction period,
which was necessary under the restricted conditions
of the work. The use of single long piles without any
joint work also contributed to the short construction
period.(5) A specially made ‘pile keeper’ with an integrated pile
coordinate system contributed to the accurate installa-
tion of large-diameter long piles. It was found that a
GPS-based monitoring system was effective for the
accurate installation of large jacket structures.References
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